A facultatively anaerobic, thermophilic, xylanolytic bacterium was isolated from a sample collected from the Diyadin Hot Springs, Turkey. According to morphological, biochemical and molecular identification, this new strain was suggested to be representative of the Anoxybacillus pushchinoensis and it was designated as Anoxybacillus pushchinoensis strain A8. It exhibited 97% similarity to 16S rRNA gene sequence of A. pushchinoensis and 77% DNA homology by DNA-DNA hybridization studies. Q-sepharose and CM-sepharose chromatography was used to purify an extracellular xylanase to >90% purity from this species. The enzyme had a molecular mass of approximately 83 kDa. The enzyme showed optimum activity at pH 6.5 and it was 96% stable over a broad pH range of 6.5-11 for 24 hours. The enzyme had optimum activity at 55 • C and it was 100% stable at temperature between 50-60 • C up to 24 hours. Kinetic characterization of the enzyme was performed at temperature optima (55 • C) and Vmax and Km were found to be 59.88 U/mg protein and 0.909 mg/mL, respectively. Oat spelt xylan but not xylooligosaccharides was degraded by the enzyme and xylose was the only product detected from oat xylan degradation. This suggested that the enzyme was an exo-acting xylanase.
Introduction
Xylan is a major component of plant cell wall and its biodegradation requires the actions of several enzymes. Among these enzymes, xylanases play a key role (Blanco et al. 1999) . The xylan backbone is degraded by β-1,4-xylanases and β-xylosidases. All β-1,4-xylanases known hydrolyse internal glycosidic linkages in xylans by endo or exo-acting and produce xylobiose, xylotriose or xylotetraose as final products. Several number of xylanases have been purified from a wide variety of microorganisms, such as Streptomyces sp. (Wang et al. 2003; Suchita et al. 2007) , Trichoderma sp. (Xiong et al. 2004) and Bacillus sp. (Sa-Pereira et al. 2004 ). These microorganisms produce xylanases involved in the hydrolysis of xylan (Beg et al. 2000) and their hydrolytic properties have been thoroughly investigated. However, little is known about specific exoxylanases which are able to produce only a single product from xylan.
Xylanases are also believed to be essential in improving the nutritional quality of animal feed and in the recovery of textile fibers (Somogyi 1952; Kalogeris et al. 1998 ). In addition, increasing concern over preserving the environment from industrial wastes has raised interest in applying microbial xylanases in the pulp and paper industry. Xylanases have also some other potential applications including the clarification of fruit juices and wine, extraction of plant oil, coffee and starch, production of oligosaccharides, and improvement of the nutritional value of feed (Maheswari & Chandra 2000; Tan et al. 2008) . The aim of these biotechnological processes was to reduce or replace the harmful alkaline extraction of hemicellulose and the need for chlorine in the bleaching process without affecting the cellulose fiber strength of paper products. Xylanase treatment breaks up the cell-wall structure, thereby enabling lignin removal in subsequent stages. The fragmentation of the xylan polymer allows free diffusion of the portions of residual lignin that are covalently attached to xylan (Somogyi 1952) . Most of these processes are carried out at high temperatures, so that thermostable enzymes would give an advantage (Sonnleitner & Fiechter 1983) . Over the past decade, there has been a considerable increase in the interest in thermophilic endospore-forming bacteria of the genus Bacillus, both because of their possible contamination of heated food products and because of their biotechnological importance as sources of thermostable enzymes and other products attracting the industrial interest (Bergquist & Morgan 1992) . Therefore, thermophilic organisms are of special inter-600 M. Kacagan et al.
est as a source of novel thermostable enzymes (Becker et al. 1997; Lee et al. 1999; Beg et al. 2000; Touzel et al. 2000) .
The genus Anoxybacillus is separated from the genus Bacillus, and the type species of this genus is Anoxybacillus pushchinoensis DSM 12423 T (Pikuta et al. 2000) . The Anoxybacillus pushchinoensis DSM 12423 T was first described as an obligate anaerobe (Pikuta et al. 2000) but later, Pikuta et al (2003) revised the description of Anoxybacillus pushchinoensis from obligate anaerobe to aerotolerant anaerobe. In the present study, properties of a thermostable xylanase produced by Anoxybacillus pushchinoensis A8 isolated from Diyadin Hot Springs, Turkey, are reported.
Material and methods

Isolation and screening
Mud and water samples of hot spring were poured and spread onto nutrient agar plate. These plates were incubated at 60 • C for 2 days. The colonies that were found on the plates were transferred onto agar plates which contain 1% xylan, 0.2% yeast extract, 0.5% peptone, 0.05% MgSO4, 0.05% NaCl, 0.015% CaCl2 and 2% agar at pH 7.0. The plates were incubated at 60 • C for 2 days. Several xylanaseproducing bacterial colonies were selected after flooding the plates with 0.1% aqueous Congo red for 15 min followed by repeated washing with 1 M NaCl (Gessesse & Gashe 1997) . All colonies showing a clear zone on agar plates were investigated for morphological, physiological and biochemical properties according to Bergey's Manual of Systematic Bacteriology volume 2 (Sneath 1986 ). Based on some morphological, physiological and biochemical properties, one of the colonies was selected and was further screened by growing them in liquid medium and assaying enzyme activity in the cell-free culture supernatant.
16S rRNA gene sequence analysis
The 16S rRNA gene was selectively amplified from purified genomic DNA by using oligonucleotide primers designed to anneal to conserved positions in the 5' and 3' regions of bacterial 16S rRNA genes.
The forward primer, UNI16S-L (5'-ATTCTAGAGTTT GATCATGGCTTCA), corresponded to the positions 11 to 26 of Escherichia coli 16S rRNA and the reverse primer, UNI16S-R (5'-ATGGTACCGTGTGACGGGCGGTGTTG TA), corresponded to the complement of positions 1411 to 1393 of E. coli 16S rRNA (Brosius et al. 1978) . PCR reactions were performed according to Beffa et al. (1996) . PCR product was cloned into pGEM-T Easy vector system and then 16S rRNA gene sequence was determined with Applied Biosystems model 373A DNA sequencer by using ABI PRISM cycle sequencing kit at Macrogen (S. Korea). 16S rRNA gene sequence of this new strain was submitted to GenBank (Benson et al., 2007) under the accession number AY248715.
Cellular fatty acids
Cultivation, harvesting, preparation and analysis of cellular fatty acid methyl esters from the whole cell fatty acids from strain A8 were performed using the Sherlock Microbial Identification System version 4.0, according to the method described by manufacturer (MIDI).
DNA-DNA hybridization studies
After extraction and purification of the DNA (Johnson 1985) , the G+C content was determined from the denaturation temperature in 0.5X SSC. Denaturation profiles were followed at 260 nm using a thermoprogrammable spectrophotometer (Jenway 6105 UV/Vis spectrophotometer) in accordance with the principles of Mandel & Marmur (1968) . For DNA-DNA hybridization study, DNA was isolated by chromatography on hydroxyapatite. DNA-DNA hybridization was determined at the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany, as described by De Ley et al. (1970) with the modifications described by Escara & Hutton (1980) and Huss et al. (1983) . A Gilford System model 2600 spectrophotometer equipped with a Gilford model 2527-R thermoprogrammer and plotter was used. Renaturation rates were computed with the TRANSFER.BAS program (Ahmad et al. 2000) . DNA-DNA hybridization studies were performed among A8, Anoxybacillus pushchinoensis DSM 12423, Anoxybacillus flavithermus DSM 2641, Anoxybacillus gonensis NCIMB 13933, Anoxybacillus ayderensis NCIMB 13972 T and Anoxybacillus kestanbolensis NCIMB 13971.
Enzyme production
The growth medium used for xylanase production contained (g/L): oat spelt xylan 10.0, yeast extract 5.0, tryptone 10, NaCl 5.0. The pH was adjusted to 7.4 and the medium was sterilized by autoclaving. This medium (500 mL in 2000 mL Erlenmeyer flasks) was inoculated with 5 mL of an overnight culture and incubated at 55 • C with vigorous aeration for 48 hours. After incubation, the cells were removed by centrifugation at 4500 × g for 5 min at room temperature and the clear supernatant was used as crude enzyme preparation.
Purification of xylanase
The enzyme supernatant obtained by centrifugation of the culture was concentrated to 10 mL by centrifugation at 10000 × g for 15 min at 4 • C by using Amicon filter. Concentrated enzyme (2 mL) was loaded onto a Q-Sepharose (Amersham Pharmacia) column equilibrated with 20 mM Na-phosphate buffer, pH 6.0. The bound xylanase was eluted with 0-300 mM NaCl gradient at a flow rate of 0.5 mL/min. The active fractions were pooled, concentrated, dialyzed with 20 mM Na-phosphate buffer, pH 6.0, and then applied to a cation exchange CM-Sepharose FF (Sigma-Aldrich) column equilibrated with 20 mM Na-phosphate buffer, pH 6.0. Xylanase was eluted as described above at a flow rate of 1.0 mL/min. The active fractions were combined and dialyzed against the same buffer and used for the studies described below. Activity of xylanase and its homogeneity were also checked by SDS-PAGE.
Determination of molecular mass and zymogram analysis
The molecular mass of the purified xylanase was estimated by SDS-PAGE electrophoresis. SDS-PAGE (12%) was performed as described by Laemmli (1970) using medium range (14.3-225 kDa) molecular weight markers (Promega Banglore Genei Pvt., India). Proteins were visualized by staining with Coomassie brilliant blue R 250.
For detection of xylanase activity, 0.2% oat spelt xylan was included in the gel before polymerization. Samples were heated for 10 min at 45 • C in sample buffer before being applied to gel. After electrophoresis, gel was soaked in 2.5% (w/v) Triton X-100 for 30 min, washed in 50 mM phosphate buffer pH 7 for 30 min, and incubated at 55 • C for 15 min in the same buffer. Gel was stained with 0.1% Congo red for 15 min and washed with 1 M NaCl until xylanase bands became visible. Gel was then immersed in 5% (w/v) acetic acid, in which the background turned into dark blue and photographed.
Enzyme assay
Xylanase activity was assayed by measuring the release of reducing sugar from oat spelt xylan following the dinitrosalicylic acid method (Miller 1959) . To 0.75 mL of substrate in phosphate buffer, pH 6.5, 0.25 mL of enzyme sample was added and incubated at 55 • C. After 20 min, 1.0 mL of dinitrosalicylic acid solution was added to the reaction mixture and boiled for 5 min. Absorbance was measured at 540 nm against a reagent blank. One unit (1 U) of xylanase activity was defined as the amount of enzyme that produced 1.0 mol of xylose equivalent per min using oat spelt xylan as the substrate under the assay conditions.
The Michaelis-Menten constant (Km) and maximum velocity (Vmax) values were determined by Lineweaver-Burk's plot (Lineweawer & Burk 1934) .
Effect of pH on activity and stability of xylanase
Effect of pH on the xylanase activity was measured by incubating 0.25 mL of enzyme and 0.75 mL of following buffers at the indicated pH (between pH 5.0 and 11.0) containing oat spelt xylan (1%): sodium acetate buffer (pH 5.0 and 5.5); phosphate buffer (pH 5.5-8.0); Tris-HCl buffer (pH 8.0-9.0) and NaOH-glycine (pH 9.0-11). Stability of the enzyme at different pH values was also studied by incubating the enzyme at various pH values ranging from 6.5-11.0 for 36 hours at 25 • C and then residual activity was estimated.
Effect of temperature on activity and stability of xylanase
The effect of temperature on the enzyme activity was determined by performing the standard assay as mentioned earlier for 10 min at pH 7.0 within a temperature range of 40-80 • C. In order to determine the thermal stability of the enzyme, aliquots of enzyme in plastic tubes were incubated from 3 to 48 hours at various temperatures from 50-60 • C with 5 • C increments. The tubes were removed at different times (in 3, 6, 24, 36 and 48 h) and rapidly cooled in an ice bath. Then, these heat-treated enzymes were used to determine the residual enzyme activity. The percentage of the residual xylanase activity was calculated by comparison with non-incubated enzyme.
Effects of chemical agents and metal cations on the enzyme activity
The effects of several metals and chemical agents on the xylanase activity of the enzyme were determined. HgCl2, CuSO4, ZnSO4, MgCl2, MnCl2, CaCl2, CoCl2, and NaCl were assayed at concentrations of 10 mM in the reaction mixture. The chelating agent EDTA and the reducing agents dithiothreitol and β-mercaptoethanol were assayed at concentrations of 10 mM. Activity was determined as described above and was expressed as a percentage of the activity obtained in the absence of the compound.
Substrate specificity
Activity of the xylanase was tested by incubating 1 mL of 1% oat spelt xylan, carboxymethyl cellulose, starch, avicel, laminarin, lichenan and xylooligosaccharides (xylobiose, xylotriose, xylotetraose, xylopentaose) in 25 mM potassium phosphate buffer (pH 6.5) and 1 µg of enzyme. The amount of released xylose was determined by dinitrosalicylic acid method (Miller 1959) . Sugars from oat spelt xylan and xylooligosaccharides were analyzed by TLC. β-Xylosidase activity was determined as described by Ratanakhanokchai et al. (1999) by using the p-nitrophenyl-β-D-xyloside as a substrate.
Analysis of hydrolysis products from oat spelt xylan and xylooligosaccharides
Enzymatic hydrolysis products were obtained by incubating 2 mL of 1% oat spelt xylan and 5% xylooligosaccharides in 25 mM potassium phosphate buffer (pH 6.5) and 1µg of enzyme. After 12 h of incubation at 55 • C, sample was centrifuged at 3000 × g for 10 min to remove insoluble materials and freeze-dried completely. The freeze-dried samples were dissolved in 0.2 mL of 50% methanol. Aliquots of 2 µL were spotted on the TLC plates. Chromatography was performed by the ascending method on silica gel 60 F254 TLC plates (Merck) with a solvent system consisting of n-butanol, acetic acid and water (2:1:1). Sugars on the plates were detected by heating the plates at 120 • C for about 10 min after they were sprayed with 5% (v/v) sulfuric acid in ethanol.
Results
Based on morphological, physiological and some biochemical characters, this new strain has been suggested to be representative of the Anoxybacillus pushchinoensis species. However, definite evidence for the affiliation of the isolate with the species A. pushchinoensis was obtained from the sequence comparison based on the 16S rRNA gene sequence of this new strain with the sequences from GenBank (A. contaminans, A. voinovskiensis, A. amylolyticus, A. flavithermus, A. pushchinoensis, A. gonensis, A. kestanbolensis and A. ayderensis) and by DNA-DNA hybridization. While the strain has exhibited the high degree of similarity (97% and more) with 16S rRNA sequences of A. flavithermus, A. pushchinoensis, A. gonensis, A. kestanbolensis and A. ayderensis, it has shown similarity with A. contaminans, A. voinovskiensis and A. amylolyticus 95%, 94% and 94%, respectively. Therefore the DNA-DNA hybridization was performed among the strain A8 and those of A. flavithermus, A. pushchinoensis, A. gonensis, A. kestanbolensis and A. ayderensis. Since DNA-DNA hybridization revealed that the strain was 76.7% similar to A. pushchinoensis (Table 1) , it was designated as A. pushchinoensis A8.
Besides 16S rRNA comparison and DNA-DNA hybridization, we compared the fatty acid profile of A8 strain with the type strains. The fatty acid contents of the type strains were obtained from the literature (Pikuta et al. 2000; Belduz et al. 2003; Dulger et al. 2004 ). Fatty-acid methyl ester profiles of tested strain A8 were identified by comparing the commercial M17H10 database by using the MIS software package (version 3.8; Microbial ID). The cellular fatty acid profile of A8 and the other members of the genus Anoxybacillus are shown in Table 2 . Based on these fatty-acid methyl ester profiles in A8 main fatty acid is C 15:0iso with 59.83% as percentages of total fatty acids content. The growth pattern, xylanase activity and pH change of A. pushchinoensis A8 were observed for five days in the liquid medium containing 1% xylan as a carbon source in 250 mL Erlenmayer flask (Fig. 1) . The pH of the culture medium increased to 8.85 from 7.4 in 30 h and then dropped to 6.53 at the end of fermentation. A. pushchinoensis A8 grew logarithmically up to 6 h and there was no obvious correlation between growth and extracellular xylanase activity. The formation of xylanase started at the 12 th h and reached to the maximum level at 72-77 th h. It was found that A. pushchinoensis A8 did not produce xylanase during the logarithmic phase. The xylanase was purified from the culture supernatant of A. pushchinoensis A8 following the steps describe in the Materials and methods section. The purified enzyme showed a single protein band on SDS-PAGE with greater than 90% purity. The molecular mass of denatured xylanase, estimated from the relative mobility of proteins on SDS-PAGE (Fig. 2) was ∼83 kDa. Zymogram of xylanase enzyme showed a prominent activity band (Fig. 2) corresponding to ∼83 kDa in lane 4. Substrate saturation curves in the presence of oat spelt xylan indicated that A. pushchinoensis A8 xylanase follows simple Michaelis-Menten kinetics. By using different concentration of oat spelt xylan, V max and K m of xylanase from A. pushchinoensis A8 were found to be 59.88 U/mg protein and 0.909 mg/mL, respectively.
pH-dependent enzyme activity exhibited a sharp peak with an optimum at pH 6.5 (Fig. 3) . After incubation of purified enzyme solution for 24 hours at pHs between 6.5-11.0, the purified enzyme retained 91-96% activity at pH 6.5, but retained 70% activity at pH 10.0 and 11.0. The purified xylanase from A. pushchinoensis A8 has maximum activity at 55 • C (Fig. 4) . The thermostability of enzyme was investigated for a period of 48 hours at temperatures ranging from 50-60 • C. The enzyme was stable between 50 and 60 • C at pH 6.5 up to 24 h but it showed about 21-36% of its original activity after 36 h. The effects of different metals on the activity of A. pushchinoensis A8 xylanase were determined by using oat spelt xylan as a substrate. No effect on activity was detected with Mg 2+ and Zn 2+ . It was seen that dithiothreitol, Mn 2+ , Ca 2+ , Co 2+ and Na + stimulated the xylanase activity of A. pushchinoensis A8 to the values of 154%, 186%, 53%, 36% and 17%, respectively, while on the other hand Hg 2+ , EDTA, Cu 2+ and βmercaptoethanol inhibited the xylanase activity to the values of 100%, 68%, 35% and 23%, respectively.
Xylanase of A. pushchinoensis A8 showed the activity with oat spelt xylan but it was completely inactive with carboxymethyl cellulose, starch, avicel, laminarin, lichenan, xylooligosaccharides (xylobiose, xylotriose, xylotetraose, xylopentaose) and p-nitrophenylβ-D-xyloside. TLC of enzymatic hydrolysis products (Fig. 5) showed that the xylanase A8 exclusively produced a product with an R f value corresponding to xylose from oat spelt xylan but no product was obtained from the other xylooligosaccharides. 
Discussion
On the basis of phenotypic, biochemical and physiological properties, fatty acid analysis and 16S rRNA gene analysis, the strain A8 from Diyadin Hot Springs, Turkey, was accepted as a member of the genus Anoxybacillus. Members of this genus cannot be easily differentiated from each other by these properties. According to Stackebrandt & Goebel (1994) , if the 16S rRNA gene sequence similarity is less than 97% among the strains in a genus, these strains should be considered as different species. If this similarity is 97% or higher among the strains in the same genus they are accepted as the members of the same species. However, it is also known that analysis of 16S rRNA sequence may be insufficient to distinguish the species (Vandamme et al. 1996) . If a strain has more than 70% DNA-DNA relatedness to a known species it is accepted as the same species and called as a new isolate (Wayne et al. 1987) . Because of this, DNA-DNA homology study was established between the isolate A8 and A. flavithermus, A. pushchinoensis, A. gonensis, A. kestanbolensis and A. ayderensis. It was shown that our isolate had 76.7% relatedness to A. pushchinoensis (Table 1) at DNA-DNA level so that it is possible to conclude that the strain A8 and A. pushchinoensis are members of the same species. A. pushchinoensis K1 T was grown in trypticase soy broth and used as the inoculum for trypticase soy broth and Anoxybacillus broth media either aerobically or anaerobically. No growth occurred in media of neutral or alkaline pH. However, when this culture was grown in Anoxybacillus both medium and used to inoculate trypticase soy and Anoxybacillus broth media, it grew both aerobically and anaerobically. A. pushchinoensis A8 did not grow in Anoxybacillus broth medium since it grew well in trypticase soy broth aerobically or anaerobically. On the other hand, A. pushchinoensis grows best at pH 9.0-9.7 and growth in trypticase soy broth at neutral pH was scant and the organism died after one passage. On the contrary, A8 grows well at neutral pH. As a result of these studies, we decided that we isolated a novel A. pushchinoensis strain and this strain differs from A. pushchinoensis DSM 12423 T based on some properties. A8, which can grow well aerobically, is the first isolate of A. pushchinoensis species.
A. pushchinoensis A8 secreted a xylanase with molecular weigth of 83 kDa in the culture medium during its exponential phase of growth. Although such molecular mass is not usual for a xylanase from Bacillus species but it two novel xylanases with molecular weigth ∼80 and 92 kDa from Anoxybacillus flavithermus BC have been reported (Kambourova et al 2006) . The molecular weight of xylanase from A. pushchinoensis A8 was in agreement with one (80-kDa) of the xylanases from A. flavithermus BC. The purified enzyme retained 91-96% activity at pH values 6.5-10.0 for 24 h and 70% activity at pH 11.0 for 24 hr. Therefore we propose that the enzyme has alkaline-tolerant character. The use of alkaline-active xylanases allows direct enzymatic treatment of the alkaline pulp and avoids the cost of incurring and time-consuming steps of pH re-adjustment. In particular, alkaline xylanases which are operationally stable at higher temperature are more beneficial because of savings in cooling cost and time. In this regard, the xylanase described here is expected to operate under conditions close to those of most mills, i.e. high pH and temperature. So far, only few xylanases with optimum temperature for activity exceeding 70 • C at or above pH 9.0 have been reported (Gessesse 1998) .
Since thermal and pH stability of xylanase is a very important property due to its potential applications in several industrial processes, A. pushchinoensis A8 could be a good candidate for biotechnological applications. By comparing A. pushchinoensis A8 xylanase with Geobacillus stearothermophilus xylanase (Khasin et al. 1993) for the effect of some metal ions and chelating agent, we showed that Mn 2+ , Co 2+ stim-ulatedA. pushchinoensis A8 xylanase activity but it is known that these ions inhibited G. stearothermophilus xylanase activity. The addition of EDTA reduced A. pushchinoensis A8 xylanase activity, suggesting that metals are required for the enzymatic reaction. When we compared A. pushchinoensis A8 xylanase with some of the other thermostable xylanase we can say that A. pushchinoensis A8 xylanase differs from them in terms of thermal stability, effect of some metal ions and chelating agent.
TLC analysis of enzymatic hydrolysis products (Fig. 5) showed that xylanase A8 catalyzed the hydrolysis of oat spelt xylan, producing exclusively xylose. This hydrolytic pattern might lead to the suspicion that A8 xylanase is a side-chain releasing enzyme. However, the fact that its action on xylan led to the destaining of the Congo red of the zymogram (Fig. 2) indicates that this enzyme is involved in the hydrolysis of the backbone, because the dye Congo red is known to interact only with intact β-D-glucans (Teather & Wood 1982) . We know that endo-type xylanases attack the internal glycosidic linkages in xylans or xylooligosaccharides and act by a random attack mechanism, which often results in a mixture of xylooligosaccharides. Kubata et al. (1994 Kubata et al. ( , 1995 isolated five xylanase from Aeromonas caviae ME-1 and suggested that two of these enzymes were exoxylanase. Xylanase IVwas a 42-kDa enzyme that exclusively produces xylotetroase from xylan and xylanase V was a 48 kDa enzyme that produces xylobiose exclusively. They therefore concluded that these enzymes are exoxylanases. Also, Gasparic et al. (1995) determined a gene (xynB) in Prevotella ruminicola. This gene (xynB) encodes an enzyme of 319 amino acids, with no obvious signal peptide and it shows 68% and 31% amino acid identity with the xsa gene product of Bacteroides ovatus and a β-xylosidase of Clostridium stercorarium, respectively. xynB from P. ruminicola was expressed and the recombinant enzyme showed that XynB enzyme was acting as an exoxylanase, releasing xylose from substrates including xylobiose, xylopentaose, and birch wood xylan. Mentioned above, A8 xylanase hydrolyzed oat spelt xylan and produced only xylose as the final product, but it did not hydrolyze either p-nitrophenyl-β-D-xyloside or small oligosaccharides. Based on these data we can say that A8 xylanase is an exoxylanase and has not got a xylosidase activity.
In xylanases, there are some xylanase-associated modules and one of them is a xylan-binding module, with previously ascribed thermostabilizing function. It was proposed that xylan binding was likely to be the primary function of this module and that the thermostabilizing function was merely a consequence of close association with the adjacent catalytic module (Suna et al. 2000 (Suna et al. , 2001 . Because the xylanase gene sequence of A. pushchinoensis A8 was not determined in this study, we did not know about these modules in our xylanase. But in Xyn10B of Clostridium thermocellum, there are two known non-catalytic modules and only the C-terminal module X6b was found to have a carbohydrate-binding property, whereas the N-terminal module X6a did not bind to any of the tested carbohydrates (Charnock et al. 2000) . Fernandes et al. (1999) have shown that a C. thermocellum xylanase, XylV, has a binding module with significant sequence similarity with the family 6 of carbohydrate-binding modules (Coutinho & Henrissat, 1999) . However, this type CBM6 module had highest affinity for xylan, and bound only weakly to Avicel and acid-swollen cellulose. Dupont et al. (1998) have shown that the Streptomyces lividans xylanases AxeA and XlnB possess the family 2 of carbohydrate-binding modules, which specifically bind insoluble xylan and do not bind cellulose. The modular structure of xylanase of A. pushchinoensis A8 is a future task of ongoing studies to determine its entire gene sequence.
